The CLEO collaboration has recently reported a (first) measurement of BR (B → π + π − ) = 4.7 +1.8 −1.5 ± 0.6 × 10 −6 . We study, within the factorization approximation, the implications of this measurement for the determination of the CKM phase α and also for the rate for B → π 0 π 0 . We find that the CLEO measurement favors small |V ub /V cb | so that the expected error (due to neglecting the QCD penguin amplitude) in the measurement of α using only the timedependent analysis of the decay B → π + π − is large ∼ 15 • .
Introduction
Recently, the CLEO collaboration has reported the first observation of the decay B → π + π − and a limit on the rate for B ± → π ± π 0 [1] . In this letter, we determine the range of parameters, especially |V ub /V cb | (entering the calculations of B decay rates) which is preferred by this measurement/limit. We work in the factorization approximation which is supposed to work well for heavy quark decays [2] . Then, we study, in turn, the implications of these preferred values of parameters for the measurement of α using timedependent studies of B → π + π − which will be done at the e + e − machines in the next few years and also for the rate for B → π 0 π 0 .
The effective Hamiltonian for B decays is 4 :
where q = d, s. The C i 's are the Wilson coeficients (WC's) which are schemeand scale-dependent; these unphysical dependences are cancelled by the corresponding scheme-and scale-dependences of the matrix elements of the operators. However, in the factorization approximation, the hadronic matrix elements are written in terms of form factors and decay constants which are scheme-and scale-independent. So, to achieve the cancellation, the various O(α s /π) (one-loop) corrections are absorbed into effective WC's, C ef f , which are scheme independent and do not have the dominant ∼ α s ln α s scale dependence which is present in the C i 's [3, 4] . We use the values (at the scale µ = 2.5 GeV) shown in Table 1 [4] . These one-loop corrections (to get the C ef f 's) result in imaginary parts (for C ef f 's) due to virtual quarks going on their mass shell (these phases Table 1 : The effective Wilson coefficients at the scale µ = 2.5 GeV [4] .
are CP -conserving) and also due to the weak interaction (CKM) phases (which are CP -violating), i.e., in general, the C ef f 's depend on the CKM elements; in Table 1 it is assumed that ρ = 0.05 and η = 0.36 [4] (Wolfenstein parametrization) or γ ≈ 82
• and |V ub /V cb | ≈ 0.08. The CP -violating weak phases account for the differences between C ef f 's for the b → d andb →d transitions in Table 1 . In the plots we show in the following sections, we do vary γ in the range (45 • , 100 • ) and use |V ub /V cb | = 0.1, 0.08 and 0.06 so that, strictly speaking, we should accordingly vary C ef f 's also. But, from Table 1 , we see that it is the imaginary (and not the real) parts of C ef f 's which differ (significantly) between the b → d andb →d transitions, i.e., it is (mainly) the imaginary parts of C ef f 's which will be sensitive to changes in the CKM elements. Since the imaginary parts are small (compared to the real parts) any variation in them due to |V ub /V cb | and γ in the range quoted above will not significantly affect the predictions for the BR's; the real parts of C ef f 's (which do affect the predictions for the BR's) will not change significantly with γ or |V ub /V cb |. In short, the effect of the variations in C ef f 's (due to the CKM elements) on the predictions for the BR's is negligible. So, we use the values in Table 1 in all the plots shown below.
We also define
where N is the number of colors. In the factorization approximation, N is treated as a phenomenological parameter [5, 2] . In general, apart from the C ef f 's of the penguin operators (C ef f 3,4,5,6 ) having imaginary parts, the matrix elements of each operator can have a strong interaction phase (say due to final-state rescattering). We will (as is usually done in the factorization approximation) set these relative phase(s) to zero to begin with and later (section 5) mention the effect of a non-zero relative phase.
Formulae for B → ππ
The matrix elements for B → ππ are [4] :
using the unitarity relation:
where f π = 131 MeV is the pion decay constant and F
where
For the CP conjugate processes, the CKM elements have to be complexconjugated.
The branching ratios are given by:
where τ B is the lifetime of the B meson and |p| is the momentum of the pion in the rest frame of the B meson. There is a factor of 1/2 for π 0 π 0 due to identical final state particles. The running quark masses at the scale µ = 2.5 GeV and the form factors at q 2 = 0 are given in Table 2 [4] 5 . We neglect the q 2 dependence of the form factors between q 2 = 0 and
.28 GeV and τ B = 1.6 ps [7] . 5 If we use a higher value of F B→π − 0 ≈ 0.5 as in [6] , the predicted rates for B → ππ will increase (see Eqs. (6), (8) and (10)) so that to account for the B → π + π − measurement, |V ub /V cb | will have to be smaller than 0.06 (see section 3) which is inconsistent (at 1σ) with the value 0.08 ± 0.02 quoted in [7] (from Υ measurements). So, we use the lower value of F 3 Constraints on parameters from B → π
We first comment briefly on the upper limit on γ using the recent limit on B 0 s −B 0 s mass difference, ∆m s > 14.3 ps −1 [8] . In the SM, we have
With ∆m d (the B 0 −B 0 mass difference) = 0.481 ±0.017ps −1 [8] , m Bs = 5.37
GeV [7] and √
, we get
In the Wolfenstein parametrization, this constrains |1 − ρ − iη| < 0.96 which implies γ < ∼ 90
• .
In Fig. 1 we show the CP -averaged BR for B → π are preferred: |V ub /V cb | = 0.08 is ruled out at the 1σ level, although it is allowed at the 2σ level for γ ∼ 100 • and N ∼ 2 .
6 The Particle Data Group quotes |V ub /V cb | = 0.08 ± 0.02 [7] . 
Fixing |V ud | = 0.974 and |V cd | = 0.224 [7] , β (see above equation) and α can be obtained as a function of γ and r ≡ |V ub /V cb |:
The time-dependent decay rates for an initial pure B d orB d to decay into a CP eigenstate final state f are (assuming the total decay widths of the two mass eigenstates are the same): 
and the two mass eigenstates are
In the SM, 16)) and if the penguin contribution can be neglected, sin 2α can be determined (Eq. (22)).
In the presence of the penguin contribution, however,M/M = e −i2γ so that Imλ = sin 2α. We define
as the "measured" value of sin 2α, i.e., sin 2α meas. = sin 2α if the penguin operators can be neglected.
In Fig. 3 we plot the error in the measurement of α, ∆α ≡ α meas. − α, where α meas. is obtained from Eq. (23) (using the amplitudes of Eq. (6) and the value of β from Eq. (14)) and α is obtained from Eq. (15). We see that for the values of |V ub /V cb | ≈ 0.06 preferred by the B → π + π − measurement, the error in the determination of α is large ∼ 15
Gronau, London [10] showed how to include penguin contributions in the determination of α, but their method requires, in addition to the timedependent decay rates for B → π + π − , the measurement of rates for the be achieved at these machines, it is interesting to see how accurately we can measure α with only B → π + π − .
Effect of strong phases
In general, the matrix element of each operator O i has a different strong interaction phase, e iδ i (such as the ones arising from final-state interactions) 7 . This makes the analysis very complicated. To simplify the analysis (in the presence of these strong phases), we assume (see, for example, [11] ) that the matrix elements of all the tree-level (penguin) operators have the same phase; we set this phase to zero (e iδ P ), i.e., e iδ P is the relative phase between the tree-level amplitude (the part of the amplitude ∝ V ub V * ud ) and the penguin and as a function of γ for N = 2 (right) for |V ub /V cb | = 0.1 (solid curves), 0.08 (dashed curves)and 0.06 (dotted curves).
amplitude (the part ∝ V tb V * td ). The magnitude of the tree-level and penguin amplitudes are evaluated as before in the factorization approximation. This means that in the first lines of Eqs. (6) and (10), the part ∝ V tb V * td has to be multiplied by e iδ P or effectively, a 4 and a 6 are multiplied by e iδ P .
We checked that varying δ P in the range (−30
• , 30
• ) does not change the prediction for BR (B → π + π − ) by more than ∼ 5% so that the preference for small |V ub /V cb | indicated by the CLEO measurement is unchanged. The prediction for BR (B → π 0 π 0 ) changes by (depending on the other parameters) up to ∼ 30 % for δ P in the above range. We now discuss the effect of varying δ P (in the range quoted above) on the prediction for the error in the α measurement, i.e., ∆α. For γ ∼ 45
• (for which the prediction, with
there is a large effect of varying δ P (including change in sign); however the prediction for ∆α is still
• (with δ P = 0) and in this case, the prediction changes by O(20 %). Another way to do the analysis when strong phases are present is to calculate the magnitudes of the different isospin amplitudes in the factorization approximation and then multiply each isospin amplitude by a (different) strong phase (see, for example, [12] ). In the present case, the B → ππ amplitudes can be written in terms of two isospin amplitudes, I 0 and I 2 (and vice versa). I 0 (I 2 ) is the amplitude for final state (ππ) isospin I = 0 (I = 2). In the factorization approximation, using Eqs. (6) and (10), we get
with X given as in Eq. (7). Here, we assume SU(2) flavor symmetry, i.e., m u = m d . We insert strong phases, e iδ 0 and e iδ 2 , respectively, in the above two equations (we can set one phase, say δ 2 , to zero). The B → ππ amplitudes, rewritten in terms of these new isospin amplitudes (Eqs. is expected to be ∼ 5 × 10 −6 .
